After the discovery of a Higgs boson, it is more important than ever to explore the electroweak sector of the Standard Model together with its mechanism responsible for the generation of weak boson masses. Major recent results from the measurements of electroweak and Higgs boson processes with the ATLAS and CMS detectors at the LHC are presented. Results are based on the full set of pp collision data at centre-of-mass energies of 7 and 8 TeV, as well as on 13 TeV data collected in 2015.
Introduction
The exploration of the electroweak sector of the Standard Model (SM) with its electroweak symmetry breaking Higgs mechanism is an integral part of the experimental research in particle physics. Some of the key probes for new physics beyond the SM in this sector are the gauge boson self-couplings [1] accessible via multiboson production processes at the Large Hadron Collider (LHC). Furthermore, with the discovery of the new particle whose properties are compatible to those of a scalar Higgs boson [2, 3] , the exact nature of the Higgs mechanism can now be examined in a unique way. The low energy effects of the new physics beyond the TeV scale can be parametrised as effective anomalous triple and quartic gauge couplings (aTGC and aQGC). The presence of such couplings would lead to an enhanced multiboson production. The aTGC parameters are probed in inclusive diboson production. The measurements of the diboson production via vector boson scattering and the triboson production provide constraints on the aQGC parameters. In order to test the consistency of the discovered Higgs boson with the state-of-the-art predictions of the SM Higgs sector, several crucial properties have to be precisely measured: the mass of the new particle, its spin and parity, as well as the strength and the structure of its couplings to SM particles. Complementary to these indirect searches for new physics, also direct searches for additional Higgs bosons predicted by theories beyond the SM are performed.
In the following, recent results from the studies of electroweak and Higgs boson interactions with ATLAS [4] and CMS [5] experiments at the LHC will be presented. Results are obtained from the full set of Run 1 proton-proton (pp) collision data collected in 2011 and 2012 at centre-of-mass energies of 7 and 8 TeV, respectively, as well as from the Run 2 data collected at a centre-of-mass energy of 13 TeV by the end of 2015.
Diboson production and limits on aTGC parameters
The diboson production channels W γ, Zγ, WW , W Z and ZZ have been observed by both AT-LAS and CMS experiments already in pp collision data at √ s =7 TeV. More extensive studies of these processes have been performed recently with 8 TeV data. In addition, the W Z and ZZ processes are explored for the first time in a new energy regime at a centre-of-mass energy of 13 TeV. The measured integrated total or fiducial production cross sections at 8 and 13 TeV are summarised in Table 1 . All measurements agree with SM expectations. The measurements with 13 TeV data [13, 16, 17] are currently limited by the statistical uncertainty. The highest measurement precision for each channel is reached with 8 TeV data.
The Zγ production cross section is measured in an extended fiducial region separately for the Z bosons decaying into electrons or muons [6, 7] and into neutrinos [6, 8] . The measured inclusive cross section is sensitive to a 10%-20% higher theoretical prediction from the next-tonext-to-leading order (NNLO) calculation as compared to the next-to-leading order (NLO) result. The dependence on higher order corrections is significantly reduced in case of the exclusive production with no jets in the final state. A similar impact of NNLO calculations is also seen for the total inclusive WW cross section [9, 10] , yielding a prediction which is about 9% higher than at the NLO. This improves the level of agreement with the data to better than 1.4σ . The highest precision is achieved in the measurement of the W Z production cross section at 8 TeV [11] by the ATLAS ex- periment. This is the first diboson cross section measurement in which the total relative experimental uncertainty of 4.2% is now lower than the present uncertainty of the NLO SM prediction. The slight difference between the measured and the predicted cross section may be compensated by the NNLO calculation [18] , which is expected to increase the SM prediction in a similar way as in the Zγ and WW channels. The ratio of the W + Z to W − Z fiducial production cross sections is sensitive to the choice of the parton distribution function (PDF). Almost all systematic uncertainties cancel out in this measurement. The observed ratio of 1.51±0.08(stat.)±0.01(syst.)±0.01(lumi.) [11] PoS(DIS2016)009
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Latest electroweak and Higgs physics results from LHC Sandra Kortner agrees with the SM prediction and is dominated by the statistical uncertainty which is of the same order of magnitude as the estimated PDF uncertainty of the theory prediction. In addition to integrated cross sections, the distributions of several kinematic variables are studied in each channel, probing the effects of the higher order perturbative QCD corrections or non-SM contributions to diboson production. A fair agreement between the shapes of measured unfolded differential cross section distributions and the NLO SM predictions from different Monte Carlo generators is observed for most of the variables. A global excess of events in the W Z channel at 8 TeV seems to be related to the region with neutrinos of low transverse momenta. The production of the photons with high transverse energy in the Zγ channel is shown to be reproduced by the NNLO calculation while the NLO calculation significantly underestimates the data.
Selected detector-level kinematic distributions are employed in search for aTGCs. The transverse momentum of the leading lepton and the dilepton invariant mass in the WW channel, as well as the transverse mass of the W Z system in the W Z channel are sensitive to the charged WW γ and WW Z aTGCs. The neutral aTGCs are probed by the distributions of the transverse photon energy and the four-lepton invariant mass in the Zγ and ZZ channels, respectively. The event yields in high energy tails of these distributions are expected to increase in the presence of aTGCs. The observed spectra are in agreement with the SM predictions and can be interpreted in terms of 95% confidence intervals for the corresponding aTGCs. The recent limits from 8 TeV data are by a factor of two to three stronger than those from the 7 TeV data [19].
Vector boson scattering, triboson production and limits on aQGC parameters
The diboson production via scattering of two vector bosons (VBS) is a key processes to probe the nature of the electroweak symmetry breaking. In the absence of the SM Higgs boson, the amplitude for the WW scattering would increase with increasing centre-of-mass energy and ultimately violate unitarity. At the LHC, the VBS processes sensitive to aQGC parameters are realised through an interaction of vector bosons radiated from initial state quarks. This gives in a final state with two vector bosons and two jets (VV j j). The jets from this purely electroweak process tend to be well separated in rapidity and have a large dijet invariant mass, allowing for discrimination from the QCD VV j j production via strong interactions. The VBS processes cannot be distinguished from other electroweak VV j j contributions, such that only a combined electroweak VV j j signal is measured. The search for the electroweak VV j j production has been performed with 8 TeV data in various channels. First evidence was seen by the ATLAS experiment in the WW j j channel with two leptons of same electric charge in the final state [20] , with a similar study performed also by the CMS experiment [21] . Recently, also evidence for the electroweak Zγ j j production has been presented by the CMS experiment [22] (see Fig. 1 (left) ). The electroweak W γ j j production is observed with a signal significance of 2.7σ [23] . The measured fiducial cross sections are in good agreement with the SM predictions as shown in Table 2 . The search for the electroweak W Z j j production has been performed by the ATLAS experiment [11] , yielding an upper limit on the fiducial production cross section of 0.63 fb at 95% confidence level, while the SM prediction at NLO is 0.13 ± 0.01 fb.
The anomalous quartic gauge couplings can be additionaly probed by the triboson production processes. The measuremed integrated fiducial cross sections are summarised in Table 2 . The Zγγ
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Latest electroweak and Higgs physics results from LHC Sandra Kortner Process process with leptonic Z boson decays has been observed by both ATLAS and CMS experiments with a signal significance of 6.3σ and 5.9σ , respectively [6, 24] . A representative distribution of events in the signal region is shown in Fig. 1 (right) . An evidence at the level of 3σ has been seen by the ATLAS experiment also for the W γγ process [25] , with a similar signal significance of 2.7σ reported by the CMS experiment [24] . The search for the WW γ and W Zγ production has also been performed [26] , setting an upper cross section limit which is at 95% confidence level about 3.4 times larger than the SM NLO prediction.
Quartic gauge couplings are probed by the most sensitive kinematic distribution in a given VV j j or triboson channel: dilepton invariant mass (WW j j), transverse momentum of the W boson (W γ j j), invariant mass of the Zγ system (Zγ j j), azimuthal angle between the W and Z boson and the sum of the lepton transverse momenta (W Z j j), as well as the diphoton invariant mass and the transverse momentum of the leading photon (W γγ, Zγγ, WW γ). No excess of events above the SM prediction is observed and the 95% confidence intervals are set for a number of aQGC
Latest electroweak and Higgs physics results from LHC Sandra Kortner parameters [19] . The sensitivity reached with triboson processes is about a factor of ten worse than from the electroweak VV j j measurements.
Properties of the discovered Higgs boson
A strong effort has been made to investigate the properties of the new Higgs boson [2, 3] using the entire Run 1 data. The mass of the new particle, which determines the Higgs boson production and decay rates in the SM, has been measured with high precision. Signal strengths, i.e. signal event yields relative to their SM predictions, are measured in all accessible production and decay modes, allowing for the study of the Higgs boson couplings to SM particles. Finally, the structure of the couplings to gauge bosons is examined based on the kinematic properties of the production and decay products.
An essential ingredient for all tests of the SM Higgs sector is the precise mass value of the discovered Higgs boson. The mass measurement is performed independently in the diphoton and four-lepton Higgs decay channels, the only two final states with a high mass resolution of better than 1 GeV and good signal sensitivity. The results of individual ATLAS and CMS measurements and of their combination are shown in Fig. 2 The compatibility of the discovered particle with the SM Higgs boson is foremost investigated by measuring the signal strengths µ relative to the corresponding SM predictions in the dominant decay modes: γγ, ZZ, WW , bb, ττ, µ µ. The rates are measured separately for the main Higgs boson production processes: the dominant production via gluon fusion (ggF), vector boson fusion (VBF) with an about twelve times lower predicted cross section, and the even rarer production in association with a vector boson (VH) or with a pair of top quarks (ttH). The ATLAS and CMS measurements in individual channels are combined to increase the sensitivity to a given Higgs
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Latest electroweak and Higgs physics results from LHC Sandra Kortner production or decay mode [28] . Figure 3 shows the measured signal strength of individual production (decay) modes, assuming the SM values for the Higgs boson branching fractions (production cross sections). The p-value of the compatibility between the data and the SM predictions is 24% and 75% for the production and decay signal strengths, respectively. A combined signal strength , in good agreement with the SM prediction. The systematic uncertainty is dominated by the precision in the theoretical prediction of the SM Higgs boson production cross section (thsig.), while the uncertainty on the background prediction (thbg.) is two times smaller. The Higgs boson production via gluon fusion and the Higgs boson decays into gauge bosons have been observed with high significance independently by the two experiments. The combination of ATLAS and CMS data leads in addition to the clear observation of VBF production and H → ττ decays with signal significance of 5.4σ and 5.5σ , respectively. The significance for the V H prodcution is above 3σ . The combined significance for the ttH process is 4.4σ , whereas only 2.0σ is expected, corresponding to a measured excess of events of 2.3σ with respect to the SM prediction. The signal strengths measured in each individual channel can be expressed in terms of the Higgs boson couplings relative to the SM prediction. The ratios of coupling stregths are measured in a model-independet way with a precision of 10%-20%, showing a good agreement with the SM predictions. The potential presence of physics beyond the SM is also probed using specific assumptions on the presence of new particles in ggF production and γγ decay loops, or in direct Higgs boson decays. Under the assumption that there are no new particles appearing in the loops or in direct decays, the p-value of the compatibility between the data and the SM predictions is 74%.
The kinematic and angular correlations of the Higgs boson production and decay products provide information on the spin and the parity of the new particle. Extensive tests of various fixed spin-parity J CP hypotheses [29, 30] exclude at more than 99.9% confidence level all alternative models in favour of the SM hypothesis of a spin 0 ++ particle. Possible small admixtures of non-SM CP states are now probed by measuring the tensor structure of the Higgs couplings to weak bosons. The strongest limits on the non-SM CP-even and CP-odd (CP-violating) couplings at 95% confidence level are set based on the topology of the Higgs decays into weak bosons, H → VV [29, 30] . Additional sensitivity is gained from the VBF H → ττ channel using the matrixelement observable constructed from the kinematic properties of the Higgs boson and the two tagging jets from the VBF production [31] . There is currently no sensitivity to set limits at 95% confidence level, but the limits obtained at 68% confidence level are about a factor of ten stronger than the corresponding results from H → VV decays. The search for the CP-odd couplings is also performed in the VH H → bb channel which on its own has currently no strong sensitivity. However, the combination with the H → VV measurements strongly improves the current limit if one assumes that the ratio of the Higgs couplings to top-and bottom-quarks follows the SM prediction.
Although still limited by the statistical uncertainty, first measurements with 13 TeV data have also been performed for a few key decay channels. The cleanest final states with Higgs boson decays into two photons and into four leptons have been studied by both ATLAS and CMS experiments [33, 34, 35, 36] . Figure 4 shows the resulting invariant diphoton and four-lepton mass distributions observed by the ATLAS and CMS experiments, respectively. While no signal is observed in the four-lepton channel by the ATLAS experiment due to statistical fluctuations in data, the CMS experiment observes a signal with a significance of 2.5σ . The signal significances observed in the diphoton channel by the ATLAS and CMS experiments are 1.7σ and 2.5σ , respectively. The signal strengths and the cross sections measured in individual channels and for the combination of the two ATLAS measurements [37] are compatible with the SM predictions. Motivated by a slight excess of ttH events at the level of 2.3σ observed with Run 1 data, a first look is also given to this production process in 13 TeV data. The signal strengths of 3.8 most compatible with a relatively broad resonance of 45 GeV width, while the CMS data prefer the hypothesis of a narrow resonance. The local significance of the ATLAS excess is 3.9σ (3.8σ ) for a spin-0 (spin-2) resonance, with a global significance of 2.1σ for both spin hypotheses. The local significance observed by the CMS experiment is 3.4σ after the combination of 8 and 13 TeV data.
The corresponding global significance is 1.6σ . More data are required to determine the origin of this result.
Summary
In summary, the full set of Run 1 data allows for extensive tests of the electroweak sector of the SM. The electroweak data are consistent with the SM and sensitive to NNLO QCD corrections. An evidence for the VBS and triboson production has been seen in several channels and competitive constraints are set on aTGC and aQGC parameters. The properties of the discovered Higgs boson are thoroughly tested and shown to be consistent with the SM predictions. A wide range of
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Latest electroweak and Higgs physics results from LHC Sandra Kortner direct searches for new Higgs particles is also performed. The future Run 2 data are expected to significantly extend the physics reach of these measurements.
